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ROBERT G. KNOWLTON* & JEFFRIE MINIER**

Recent Trend for Environmental

Compliance Provides New
Opportunities for Land and Water Use
at Brownfields and Other
Contaminated Sites
ABSTRACT
A new environmental compliance trend is leading to more
flexibility for environmental remediationand providingpotential
new opportunities in terms of saving money and utilizing
otherwise unusable land and water resources.These opportunities
arise primarilyfrom two new changes to the risk assessment
process:1 the incorporation of uncertainty analyses and
reconsideration of future land use options. Concurrently, new
government regulationsare making it easier to reduce potential
liabilities associated with contaminated sites and return them to
productive use. This article shows how risk assessment and
uncertainty recognition can be used to take advantageof the new
trend and presents hidden costs/problems of this new approach.
INTRODUCTION
Environmental legislation is a dynamic area of law subject to
constant redefinition. 2 Redefinition of environmental statutes often follows
an evolutionary path of increasing complexity, with some parts splitting off
into areas of specialization, followed by extinction as the initial statute
shrinks in importance and eventually is superceded by its descendants.3
One such evolutionary trend is occurring in liability and remediation law4

Ph.D., P.E., Duke Engineering and Services, Albuquerque, New Mexico.
Ph.D., J.D., Law clerk to the Honorable LeRoy Hansen, United States District Court,
District of New Mexico. Currently at Law & Resource Planning Associates, P.C.,
Albuquerque, New Mexico.
1. The authors use the terms "risk" and "risk assessment" to refer to the evaluation of
potential adverse impacts to human health and the environment from exposures to chemicals.
These terms, when used to refer to the weighing of potential benefits and liabilities associated
with a contaminated property, are preceded by the adjective "financial."
*
**

2.

See I WiLuAM H. RODGERS, JRx,ENVIRONMENTAL LAW: AIR AND WATER v (1986).

3. See id. at viii.
4. "Remediation law," as the authors use the term, refers to those statutes, regulations,
and cases that generally determine the actions that must be taken to decrease the amount of
contaminants in soil and groundwater to acceptable levels.
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applicable to contaminated property. Strict regulations that are likely to be
overly protective of human health are evolving into a more flexible
regulatory framework. This flexibility derives from the recognition that the
level of remediation necessary to protect human health depends on how
the contaminated property will be used.
This evolutionary trend in environmental regulations presents
potential benefits that are accompanied, however, with some financial risk.
The two primary benefits are reduction in remediation costs and increased
utilization of contaminated property. Remediation costs for contaminated
property are staggering, often greatly exceeding the value of the property
in its uncontaminated state. The utility of contaminated sites may be nonexistent-either directly, due to the hazard of chemical exposure, or
indirectly, due to the stigma associated with the property-through the
strict liability provisions of state and/or federal laws.' Thus, while the
regulatory trend reduces remediation costs and increases utilization of
contaminated property, some financial risk to the owner/operator of the
property remains.
The financial risk arises from two areas of uncertainty. One area of
uncertainty is that the true extent and magnitude of contamination is never
completely known and thus may subject the user/owner to future liability
either in terms of additional remediation costs or toxic tort litigation. The
other is whether exposure levels currently thought to be safe will be
modified by additional research in toxicology and epidemiology, which in
turn may lead to additional remediation or litigation liability.
Environmental legislation has undergone an important evolution
that gives rise to potentially huge benefits such as decreased remediation
costs and increased utilization of property. Examples of the magnitude of
those benefits include Brownfields, natural attenuation, alternate concentration limits, and cost-benefit analyses. Moreover, the Environmental
Protection Agency (EPA) has an updated perspective on risk assessment

5. See, e.g., NRC Corp. v. Amoco Oil Co., 205 F.3d 1007,1010 (7th Cir. 2000) (stating that
buyers, renters, and lenders are loathe to deal with the uncertainties posed by contaminated
property); Scribner v. Summers, 138 F.3d 471, 473 (2d Cir. 1998) (citing Nashua Corp. v.
Norton Co., No. 90-CV-1351, 1997 WL 204904, at *6 (N.D.N.Y. Apr. 15, 1997) (stating that
plaintiff may prove stigma in addition to cleanup costs because removal of contamination
may not restore the property to its former condition)); In re Paoli R.R. Yard PCB Litig., 35 F.3d
717,798 (3d Cir. 1994) (stating that under Pennsylvania law stigma remaining after repair is
compensable if there is some ongoing risk); Hendler v. United States, 38 Fed.Cl. 611,625 (Fed.
Cl. 1997) (stating that under California law court may consider contamination stigma when
evaluating the fair market value of property); Rudd v. Electrolux Corp., 982 F. Supp. 355,372
(M.D.N.C. 1997) (stating that under North Carolina law, stigma is one factor thatmaybe used
in determining market price when diminution in value is result of a permanent nuisance);
Bradley v. Armstrong Rubber Co., 130 F.3d 168, 176 (5th Cir. 1997) (allowing recovery for
stigma damages where permanent and physical injury to plaintiffs property has occurred).
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that allows owners to reduce remediation costs and utilize otherwise
unusable land and water resources. Nevertheless, risk assessment has its
limitations, the understanding of which is critical to making a fully
informed decision when balancing the potential benefits against financial
risks.
ENVIRONMENTAL REGULATORY HISTORY
Much of the early legal activity in the area of environmental quality
was based on nuisance and, to a lesser extent, trespass law. 6 Beginning in
the late 1800s and continuing into the 1960s, these early environmental
cases typically involved discharges into the environment that were readily
observable by the unaided senses, for example, odors, noises, dust, sewage,
salt water, or contaminated water.' Whether they were unhealthy,

6. See Rodgers, supra note 2, at 126.
7. See, e.g., Baltzeger v. Carolina Midland Ry. Co., 32 S.E. 358,359 (S.C. 1899) (stagnant
water emitted nauseous odors); Louisville & N. Terminal Co. v. Lellyett, 85 S.W. 881, 881
(Tenn. 1905) (operation of railroad and terminal created smoke, soot, dust, and noise);
American Smelting & Refining Co. v. Godfrey, 158 F. 225,227 (8th Cir. 1907) (dust and fumes
from smelter were injurious to health of humans, animals, and plants); Whalen v. Union Bag
& Paper Co., 101 N.E. 805, 805 (N.Y. 1913) (pulp mill effluent polluted stream); City of Ft.
Smith v. Western Hide & Fur Co., 239 S.W. 724,725 (Ark. 1922) (hide and fur business gave
off offensive odors and attracted flies, affecting neighbors' health and comfort); Masonite
Corp. v. Burnham, 146 So. 292, 294 (Miss. 1933) (refuse materials dumped in creek caused
offensive odors, impure water, sediment on banks, death of fish), overruled by Flight Line, Inc.
v. Tanksley, 608 So. 2d 1149 (Miss. 1992); Columbia River Fishermen's Protective Union v.
City of St. Helens, 87 P.2d 195, 196 (Or. 1939) (sewage and industrial chemicals discharged
to river destroyed fish life and economically injured commercial fishermen); Bd. of County
Comm'rs v. Elm Grove Mining Co., 9 S.E.2d 813, 814 (W. Va. 1940) (burning coal waste
emitted unhealthy sulphur dioxide); Wright v. Best, 121 P.2d 702, 706 (Cal. 1942) (mine
tailings discharged to creek rendered water unfit for domestic or agricultural purposes); Int'l
Shoe Co. v. Heatwole, 30 S.E.2d 537,539 (W. Va. 1944) (tannery acid, sludge, and sediment
discharged to creek discolored water and made water unfit for human consumption); Int'l
Paper Co. v. Busby, 182 F.2d 790, 791 (5th Cir. 1950) (waste water from paper manufacturer
damaged pasture, livestock, and aquatic life, and rendered stream useless for domestic,
agricultural, and cattle raising uses); Phillips Petroleum Co. v. Hardee, 189 F.2d 205,206 (5th
Cir. 1951) (discharge of salt water, chemicals, mud, acid, and oil damaged rice crops); Grant
v. United States, 192 F.2d 482,483 (4th Cir. 1951) (discharge of sewage waste damaged oyster
beds); Page v. Niagara Chem. Div. of Food Machinery & Chem. Corp., 68 So. 2d 382,383 (Fla.
1953) (discharge of chemical and pesticide dust was harmful to humans); Hall v. De Weld
Mica Corp., 93 S.E.2d 56, 57 (N.C. 1956) (silicon dioxide dust exposed plaintiff to silicosis);
Warren Petroleum Corp. v. Lee, 234 F.2d 207,207 (5th Cir. 1956) (discharge of saltwater to
stream destroyed fishing rights and caused salt marsh mosquitoes to breed, resulting in
human illness and death); Sheppard Envelope Co. v. Arcade Malleable Iron Co., 138 N.E.2d
777,779 (Mass. 1956) (cinders caused property damage); Town of Mt. Pleasant v. Van Tassell,
166 N.Y.S.2d 458,462 (N.Y. 1957) (pig raising business emanated foul and nauseating odors
and attracted rats and flies); Ohio Oil Co. v. Elliott, 254 F.2d 832, 833 (10th Cir. 1958)
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economically damaging, or merely unpleasant, the effects of the discharges
were almost always immediately apparent.8 Later, people began to realize
that chemical exposures that cannot be detected by the unaided senses may
also cause health and ecological problems. In many cases, the adverse
effects of chemical exposure do not become apparent until several years
after the release of or the exposure to the contaminant, for example the
development of lung cancer after years of tobacco smoking. This realization
led to the enactment of environmental laws designed to protect human
health and the environment.
Initial Environmental Regulations Were Conservative
Legislation to protect human health and the environment was
virtually non-existent prior to 1970. From 1970 through the 1980s, a number
of legislative acts were passed to protect human health and the environment.9 This environmental legislation was an entirely new area of law.
While Congress, the EPA, and the public knew that protective action was
needed, they did not, indeed could not, determine the most effective
regulatory framework to achieve optimal results, for example, by protecting human health and the environment without bankrupting the owners
and operators of contaminated property.
Two factors prevented the legislators from establishing an effective
regulatory framework. First, there was, and still is, little toxicological data
identifying what types of chemical exposure would lead to adverse health
and ecological effects. Second, much of the science and technology needed
to assess and remediate environmental contamination had yet to be
developed.

(saltwater pollution of stream killed cattle that drank from stream); Am. Cyanamid Co. v.
Sparto, 267 F.2d 425,426 (5th Cir. 1959) (chemical compounds discharged to irrigation water
damaged crops); Dworkin v. Town of Lakeview, 327 S.W.2d 351,353 (Tex. Civ. App. 1959)
(noise, dust, dirt, and odors from industrial business disturbed health and welfare of
neighbors); Martin v. Reynolds Metals Co., 342 P.2d 790,791 (Or. 1959) (gases and particulates
damaged land and injured cattle); Loe v. Lenhardt, 362 P.2d 312,314 (Or. 1961) (crop damage
resulted from spraying of chemicals by airplane).
8. See generally, cases cited supra note 7.
9. See, e.g., The Clean Air Act, 42 U.S.C. §§ 7401-7671(1994); The Clean Water Act, 33
U.S.C. § 1251-1387 (1994); Toxic Substances Control Act, 15 U.S.C. §§ 2601-2692 (1994); Solid
Waste Disposal Act, 42 U.S.C. §§ 6901-6992 (1976); Safe Drinking Water Act, 42 U.S.C. §§ 300f300j-26 (1974); Comprehensive Environmental Response, Compensation, and Liability Act,
42 U.S.C. §§ 9601-9675 (1994); Superfund Amendments and Reauthorization Act, 42 U.S.C.
§§ 9601-9675 (1994); Federal Insecticide, Fungicide and Rodenticide Act, 7 U.S.C. §§ 136
(1994); Occupational Safety and Health Act, 29 U.S.C. § 651-667 (1994).
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Toxicology is the study of the adverse effects of chemical agents on
biological systems, also known as the science of poisons."0 One of the
fundamental principles of toxicology is "the dose makes the poison,"
meaning that all chemical agents are harmful if consumed in large enough
quantities." Toxicology attempts to determine at what doses chemicals
produce hazardous effects." Although toxicology is an age-old science, 3
by the year 2000 less than one percent of the 60,000 to 75,000 chemicals in
commerce had been subjected to a full safety assessment, and only 10 to 20
percent had significant toxicological data. 4 Even then the results are
somewhat uncertain due to the necessary extrapolations from animal data
to humans and from higher to lower doses." Due in part to the paucity of
toxicological data, and in part as a response to the public concern about
cancer, regulators have taken a conservative stance toward overseeing
environmental contamination.16 Regulators have increasingly used risk
assessment techniques to estimate the potential for adverse health effects
resulting from exposure to hazardous chemicals. 7 For example, the EPA
has determined that Superfund sites"' should be cleaned up to reduce
cancer risk to as low as 1 in 1,000,000." Risk assessment for Superfund sites
includes a number of conservative assumptions about intake, exposure
frequency, and duration, as well as cancer potency factors for the chemicals
at the site.2°Such a conservative approach is also apparent in the maximum
concentrations allowed in water or air for those chemicals that have not yet
been studied in the laboratory. For many of these chemicals, it was
common to establish maximum allowable concentration limits based on the
lowest practical limit of quantitation from the best available measurement

10. Bernard D.Goldstein &Mary Sue Henifin,Reference Guideon Toxicology,in REFERENCE
MANUAL ON SCIENTIFC EVIDENCE 401, 403 (Fed. Judicial Ctr. ed., 2d ed. 2000).

11. See id.
12. See id.
13. The principle "the dose makes the poison" was articulated by Paracelsus in the
sixteenth century. Id. at 403, n.2.
14. See id. at 412.
15. Seeid. at410-11.
16. "Conservative," as the authors use it in this context, refers to the tendency to err on
the side of safety, i.e. to overestimate the risk of adverse effects caused by a chemical.
17. See Goldstein & Henifin, supra note 10, at 412.
18. The Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), commonly referred to as Superfund, was enacted to provide broad federal
authority to respond directly to releases or threatened releases of hazardous substances that
could endanger public health or the environment. This Act is typically used to address
inactive or abandoned sites.
19. See Goldstein & Henifin, supra note 10, at 413, n.34.
20. See id.
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technology.21 In other words, if the best laboratory equipment can detect
the presence of the chemical, the concentration of that chemical in the water
or air is too high. This conservative approach led to the establishment of
very strict drinking water standards and remediation limits.
Consider the case of trichloroethylene (TCE), a solvent historically
used for degreasing and dry cleaning. The EPA considers TCE a possible
to probable human carcinogen (a cancer causing agent) based on reports
of animal studies that have shown increased incidence of lung, liver, and
testicular tumors.' Prior to 1987, the drinking water standard for TCE was
zero parts per billion (ppb), due to its designation as a probable and
possible human carcinogen.3 Now the drinking water concentration limit
for TCE is five ppb, based mainly on analytical detection limit capabilities.'
While less stringent than the initial standard of zero ppb, the current
drinking water limit of five ppb for TCE is a very small concentration.'
Several other chemicals have drinking water standards in the range of one
to ten ppb.'6 Such low concentrations are difficult and expensive to achieve
and in some cases impossible with the technology currently available.
The cost of cleanup of our nation's contaminated lands is quite
significant. The Office of Technology Assessment has estimated there may
be 439,000 hazardous waste sites in the country potentially requiring
remediation.' As of December 31, 1996, there were 1296 uncontrolled
hazardous waste sites listed on the EPA's National Priorities List (NPL) for
compliance under the Comprehensive Environmental Response, Compen-

21. See, e.g., CHOICES IN RISK ASSESSMENT, THE ROLE OF SCIENCE POLICY INTHE
ENVIRONMENTAL RISK MANAGEMENT PROCESS 172 (Regulatory Impact Analysis Project, Inc.,
ed., 1994) [hereinafter RIAPI.
22. See id. at 166-67.
23. See id. at 172.
24. "Analytical detection limit capabilities" refers to the ability of laboratory equipment
to measure very small concentrations of chemicals. The drinking water limit for TCE was
established at 5 ppb because the laboratory equipment available at the time could not

measure, or even detect, TCE concentrations less than 5 ppb. See id.
25. To illustrate the concept of this dilute concentration level, 5 ppb is essentially
equivalent to the following: 1 person out of the entire U.S. population, 1 second in 6 years, or
1 inch in 3156 miles. At such low concentration levels, a very small amount of contaminant
can adversely impact a large volume of water. Twelve ounces of TCE (the volume of a soda

can) can contaminate 19 million gallons of water (the equivalent of the amount of water in a
20 foot thick groundwater aquifer covering an area of approximately 10 acres) at a
concentration level of 5 ppb (the drinking water standard).
26. Examples include, but are not limited to, benzene (a constituent of gasoline) at 5 ppb,
carbon tetrachloride (a degreaser once commonly used in dry cleaning) at 5 ppb, chlordane
(a pesticide) at 2 ppb, and mercury at 2 ppb. 40 C.F.R. pt. 141, Subpt. 0, App. A (2001).
27. Barry L Johnson & Christopher T. DeRosa, The Toxicological Hazard of Superfund
HazardousWaste Sites, 12 REVS. ON ENvTL. HEALTH 235 (1997).
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sation, and Liability Act (CERCLA).' There are between 1500 and 3500
waste sites requiring corrective action under the Resource Conservation
and Recovery Act (RCRA) at treatment, storage, and disposal facilities in
the United States." The estimated total cost of cleanup between 1990 and
2020 for all waste sites in the United States is between $500 billion and $1
trillion.' Of this amount, between $106 billion and $302 billion is attributed
to CERCLA sites.3" Of course, the cleanup process will not be complete by
the year 2020, and the total cost of compliance may continue to rise.
In short, the costs of remediating contaminated soil and groundwater are huge. Many contaminated sites will probably go unremediated
because the owners cannot afford the astronomical costs of remediation.
These large costs result primarily from two factors. One factor is that the
initial regulations were extremely conservative due to a lack of toxicological data. The other factor isthe lack of effective remedial technologies. Until
more effective technologies are developed, the only way to reduce the cost
of cleanup, and thereby encourage remediation, is to relax the regulations
governing cleanup.
RELAXED CLEANUP STANDARDS UNDER CURRENT
REGULATIONS
The recent trend in environmental regulation is to implement
flexibility in cleanup goals in order to reduce remediation costs. This
flexibility is most evident in the following areas: Brownfields, natural
attenuation, alternate concentration limits, and cost-benefit analysis. These
areas represent a new trend in environmental regulation in that they seek
to limit remediation to a "clean enough" standard as opposed to the
essentially "absolutely clean" standard of the initial regulations. Described
below are these new approaches, including illustrations with examples of
how the cost of remediation can be reduced without increasing the risk to
human health and the environment.
Brownfields
The most encouraging trend in the environmental compliance
industry is the EPA's Brownfields Economic Redevelopment Initiative. A
"Brownfield" is "a site, or portion thereof, that has actual or perceived

28.
29.
30.
31.

Id.
Id.
Id.
Id.
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contamination and an active potential for redevelopment or reuse."32 In an
effort to foster the redevelopment of Brownfields, as of January 2000, the
EPA has issued over 300 pilot grants to cities, municipalities, counties,
tribes, and state agencies, each with a funding profile of $200,000 over two
years. More than 35 states have enacted legislation to facilitate Brownfield
initiatives in the form of voluntary cleanup or voluntary remediation
programs.' The intent of these new programs is to encourage economic
redevelopment of Brownfield sites while offering some protection from any
future state enforcement action. Under these voluntary
cleanup/remediation programs, the states offer a "no further action" letter
or a "certificate of completion" to document the limited liability of a site
once the corrective action is complete.' In addition, cities, municipalities,
and states have initiated economic benefits by introducing tax incentives
for the redevelopment of Brownfield sites in order to stimulate business
and inner city growth.' The Taxpayer Relief Act,' for example, includes a
new tax incentive encouraging the cleanup and redevelopment of
Brownfield sites in distressed urban and rural areas.
More striking than the tax and liability incentives is the potential
for greatly reduced remediation costs at Brownfields through risk-based
soil cleanup levels.37 One of the main areas of concern in Brownfield
economic redevelopment is the health risk associated with exposure to
contaminants at the ground surface. Predefined soil cleanup limits are
based on the assumption of maximum possible exposure and thus are
generally very conservative.' In fact, some standards are based on the
assumption that people will drink or eat contaminated water or soil. Sitespecific, risk-based soil cleanup levels that recognize the actual or probable
future use of the property are likely to be less stringent, however, thereby

32. U.S. ENVTL. PRoTr AGENCY, BROWNFIELDS ECONOMIC REDEVELOPMENT INITIATIVE
QUICK REFERENCE FACT SHEET 1 (1999).

33. Id. See, e.g., Voluntary Remediation Act, N.M. STAT. ANN. §§ 74-4G-1 through 4G-12
(Michie Replacement Pamphlet 2000).

34. Id.
35. Taxpayer Relief Act of 1997, Pub. L. No. 105-34, 111 Stat. 788 (codified in scattered

sections of 26 U.S.C.).
36. Id.
37. In addition, states have generally enacted a streamlined approach to assessment and
cleanup. When a property owner petitions a state to enter the voluntary cleanup/remediation
program, a set schedule for completing site activities, submitting reports, and receiving
approvals is set into motion. In effect, this schedule simplifies the process of closure for a site,
especially compared to the usual time it takes for CERCLA or RCRA compliance.
38. See Goldstein & Henifin, supra note 10, at 413, n.34. United States Senate Bill No. 350
passed the Senate on April 25, 2001, and was sent to the House where it was referred to the
House Committee on Energy and Finance and additionally referred to the House Committee
on Transportation and Infrastructure. The bill was still pending as of August 13, 2001. See S.
350, 107th Cong. § 1 (2001), availableat http://thomas.loc.gov.
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requiring smaller expenditures on remediation. For example, if the
property in question were to be used for industrial purposes, cleaning up
the soil to a residential land use criteria would be overly conservative,
unnecessary, and almost certainly considerably more expensive.
Consider, for example, a site located in Albuquerque, New Mexico,
approximately five acres in size that holds lead contamination in the upper
foot of soil. Remediating the site for residential use would require reducing
the lead concentrations in the soil to levels at or below 400 mg/kg at a cost
of about $2.7 million.39 With industrial land use, however, only soil with
concentrations exceeding 2000 mg/kg" would have tobe remediated, at an
estimated cost of about $94,000.4'
Perhaps the most visible Brownfield site is the $1 billion Victory
Development Project in Dallas, Texas, where a $420 million stadium for the
Dallas Mavericks basketball and Dallas Stars hockey teams was built on a
toxic wasteland. 42
Brownfield economic redevelopment will likely grow to be even
more important. Several senators have recently introduced a bill to speed
the cleanup of Brownfields.' The measure would authorize the federal
government to provide $1 billion over five years to states, local
governments, and tribes to assess and clean up Brownfields, and to
establish and improve their Brownfield programs."
Natural Attenuation
Regulators have recognized natural attenuation as a valid
component of remediation, indicating another area of increased flexibility
in compliance strategies. Natural attenuation refers to the decrease of
contaminant concentrations by processes such as biodegradation,
dispersion, dilution, and decay, which occur in the environment without

39. Robert G. Knowlton et al., The Use of Decision Support Systems to Address Spatial
Variability,Uncertainty,and Risk, in SPATIALMETHODSFORSOLUTIONOFENVIRONMENTALAND
HYDROLOGIC PROBLEMs-ScIENcE, POuCY AND STANDARDIZATION, ASTM STP 1420 (D.T.
Hansen et al. eds., forthcoming 2002).
40. The term "mg/kg" is a unit of concentration referring to the mass, in milligrams, of
contaminant per kilogram of soil.
41. See Knowlton, et al., supra note 39.
42. Cathy Booth Thomas, Full Court Clean-up,TIME, Aug. 6,2001, at 38.
43.

See Bill Introducedto Clean Up IndustrialSites, CHEMICAL & ENGINEERING NEWS, Feb.

26,2001, at 31. United States Senate Bill No. 350 passed the Senate on April 25,2001, and was
sent to the House where it was referred to the House Committee on Energy and Finance and
additionally referred to the House Committee on Transportation and Infrastructure. The bill
was still pending as of August 13, 2001. See S. 350, 107th Cong. § 1 (2001), available at
http://thomas.loc.gov.
44. See S. 350,107th Cong. § 1 (2001), availableat http://thomas.loc.gov.
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any human intervention. Natural attenuation was formerly known as the
"No Action Alternative." Under a "No Action" approach, protection of
human health and the environment is achieved through natural processes
over reasonable time frames rather than by active remediation by humans.
Regulators never seriously considered the "No Action" approach as the
sole means of remediating a site. 5 Now, however, the EPA endorses the
use of natural attenuation as long as the proper evaluation and monitoring
are performed to demonstrate that human health and the environment are
sufficiently protected.*
The potential cost savings in remediation through the application
of the natural attenuation strategy is demonstrated by the case of a former
uranium mil tailings facility in Riverton, Wyoming. 7 The 190-acre site was
used to process uranium ore from 1958 through 1963. The storage of
uranium ore and seepage from the tailings pile caused groundwater
contamination by arsenic, lead-210, manganese, molybdenum, nickel,
polonium-210, sulfate, thorium-230, uranium, and vanadium. Computer
modeling predicted that the site could be remediated within 20 years by
pumping and treating the groundwater at a cost of $4,500,000. The
modeling also predicted that without any active remediation, groundwater
concentrations would decrease to levels below EPA standards within about
75 years by natural attenuation at a cost of $900,000.,
Natural attenuation also applies to organic compounds, especially
petroleum products in underground storage tanks (USTs). For years,
leaking USTs have presented a significant groundwater contamination
threat. Old steel tanks rusted and leaked, often in close proximity to the
water table, resulting in major degradation of groundwater resources.
Large monetary resources were expended to characterize and clean up
these leaking USTs. For example, the average cost of remediation for a UST
leaking into the groundwater in California in 1995 was $150,000.' With

45. Conclusion of the authors based on their personal interaction with various state and
federal regulators from the mid-1980s to date.
46.

OFFICE OF SoLD WASTE AND EMERGENCY RESPONSE, U.S. ENVTL. PROT. AGENCY,

DIRECTIVE 9200.4-17P, USE OF MONITORED NATURAL ATTENUATION AT SUPERFUND, RCRA
CORRECIVE ACTION, AND UNDERGROUND STORAGE TANK SrTES (1999).

47. See RobertG. Knowlton, Jr., Benefit-Cost Analysis of Groundwater Alternatives at the
DOE UMTRA Site Near Riverton, WY 18 (July 1997) (unpublished report, on file with
authors).
48. $900,000 represents the costs of monitoring the site to ensure that the remedy is
effective.
49. See David W. Rice, et al., Recommendations to Improve the Cleanup Process for
California's Leaking Underground Fuel Tanks (LUFrs), submitted to the California State
Water Resources Control Board Underground Storage Tank Program and the Senate Bill 1764
Leaking Underground Fuel Tank Advisory Committee, UCRL-AR-121762, at viii (Oct. 16,
1995) (unpublished document, on file with authors).
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approximately 20,000 USTs identified in California in that same year, the
estimated cost of cleanup in that state alone was $3 billion.' Recently,
however, information suggests that aggressive cleanup actions may not be
warranted at many sites, most of which involve petroleum hydrocarbons. 1
Petroleum hydrocarbon products are made up of organic
compounds, which can be subject to biological degradation, a process by
which microorganisms ultimately transform the organic compounds into
less toxic constituents. These microorganisms are generally present in
natural geologic systems or may be enhanced by human-induced injection.
Biodegradation is one of several processes under the general category of
natural attenuation, whereby natural processes work to remediate a
contaminant plume.52 A recent study of 1800 USTs in California and 600
USTs in Texas found evidence of biodegradation of hydrocarbons at each
of the sites.5" The results of this study have significantly influenced
regulatory authorities, leading to less stringent characterization and
cleanup requirements where drinking water supplies are not affected
and/or potential exposures are minimal.
The key factors in adopting a natural attenuation remedy are a
demonstration that the contaminant concentrations will decrease through
time to be protective of human health and the environment, a showing that
the time-frame for compliance is reasonable, and an assurance, provided
through monitoring, that the remedy is effective.
Alternate Concentration Limits
Another flexible alternative for environmental compliance is the
use of alternate concentration limits (ACLs) for closure.' ACLs are
somewhat similar to natural attenuation in that natural processes are relied
upon to reduce contaminant concentrations through time and space. The
difference between the two approaches is found in the compliance
endpoints. Under natural attenuation, all of the contaminant concentrations
decrease to below health standards within some reasonable period of time.
50. See id at viii, 13.
51. See id at viii.
52. The term "contaminant plume" refers to a volume of soil or groundwater with
elevated concentrations of contaminant(s) compared to background concentrations.
53. See D.W. Rice and W.W. McNab, Natural Biodegradation of Organic Contaminants
in Groundwater, UCRL-JC-131848, prepared for submittal to the 23d Session of the
International Seminar on Planetary Emergencies, Aug. 1997 (Sept. 23, 1998) (unpublished
document, on file with authors).
54. The term "closure" refers to an agreement or concurrence on the part of a responsible
party and the regulatory authority that the chosen cleanup option is suitable and will result
in no further action on the part of the responsible party if all conditions of a compliance
agreement are met.
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Under the ACL approach, contaminant concentrations could conceivably
remain above health standards indefinitely at some locations as long as the
concentrations decrease to safe levels at all possible points of exposure. For
ACLs, a point of exposure (POE) is established, usually at the property
boundary, where human health and the environment must be protected.
Within the facility property, however, higher concentration levels are
allowed, as long as attenuation processes keep the concentrations at the
POE below acceptable levels. 5 A point of compliance (POC) is established
at the contaminant source area to monitor the behavior of the contaminant
plume. ACLs are the maximum concentrations at the POC that will lead to
compliance at the POE. Federal regulations expressly permit the use of
ACLs at Superfund sites,' RCRA Corrective Action sites,57 and for uranium
or thorium mill tailings facilities.'
A uranium mill tailings facility at Canonsburg, Pennsylvania,
provides an example of the cost savings available through the use of
ACLs. 9 Contaminated groundwater beneath the facility, which was in
operation from 1911 to 1957, discharges into a nearby creek. The uranium
concentrations in groundwater beneath the facility are well above the
drinking water standard.' Active remediation of the groundwater to meet
the standard could take up to 20 years at a cost of about $1,000,000.61
Natural attenuation processes at the site are such, however, that the
uranium concentrations in the creek never reach levels that are harmful to
human health or the environment. The ACL approach thus allows
groundwater concentrations to exceed drinking water standards beneath
the facility on the condition that human health and the environment are
protected at potential points of exposure, for example, at the creek,
obviating the need for an expensive remediation.

55. The groundwater concentrations beneath a site need not be below drinking water
standards if the owner precludes groundwater extractions for water supply purposes.
56. See supra text accompanying note 20.
57. The Resource Conservation and Recovery Act (RCRA) was enacted to give EPA
authority to control hazardous waste from "cradle-to-grave" for active and future facilities.
See 40 C.F.R. § 264.94 (2000). See generally 42 U.S.C. §§ 6901-6992 (1994).
58. See 40 C.F.R. § 192.02 (2000). This regulation was promulgated to control potential
radioactive releases from mill tailings facilities used for the production of nuclear materials
in support of nuclear weapons and nuclear power.
59. See Robert G. Knowlton, Jr. & David M. Peterson, Alternate Concentration Limits
(ACLs) as the Preferred Groundwater Remediation Alternative at the DOE UMTRA Site at
Canonsburg, PA 66-77 (June 1998) (unpublished report, on file with authors).
60. The drinking water standard for uranium is currently set at 30 ppb. Id. at 13.
61. Id. at 52.
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Cost-Benefit Analysis

The Unfunded Mandates Reform Act of 1995 requires that before
promulgating any rule that may result in expenditures by state or local
governments or by the private sector of $100,000,000 in any one year, the
agency must identify and consider a reasonable number of regulatory

alternatives and select the least costly, most cost-effective or least
burdensome alternative that achieves the objectives of the rule.'
Consequently, regulators perform cost-benefit analyses (CBA) to set policy
and establish acceptable concentration limits in environmental media (e.g.,
water, soil, and air). A CBA evaluates the costs associated with
implementing a proposed action and the benefits associated with the
outcome of the proposed effort. For a proposed action to be considered
"efficient," the benefits should outweigh the cost of implementation. In the
case of establishing acceptable concentration thresholds for environmental
contaminants, while there is a benefit associated with the reduction in risk
to human health and the environment by limiting exposure concentrations,
there is also an associated cost of implementation connected with treatment
or cleanup in order to comply with the threshold.
Consider a cost-benefit analysis for the Riverton, Wyoming, site.
The site could be completely remediated in 20 years using a traditional
pump and treat system at a cost of $4,500,000.' Alternatively, a monitored
natural attenuation approach was considered, requiring approximately 75
years of monitoring at an estimated cost of $900,000." Because the human
health risk is the same under both alternatives, the natural attenuation

62. 2 U.S.C. §§ 1532,1535 (Supp. V 1999).
63. The term "pump-and-treat methods" refers to a suite of techniques used to extract
groundwater from a contaminant plume within an aquifer and the treatment of extracted
water to remove and/or reduce the concentrations of contaminants to acceptable levels.
Variations on the practice exist; the treated water may be re-injected into the aquifer to
facilitate hydraulic control of the plume. The difficulty with a pump-and-treat approach is
that the heterogeneities, or spatial variability, of the geologic materials within the aquifer
make it difficult to influence complefe capture of the contaminants. In addition, contaminants
may "sorb" or "stick" to the geologic material, making it difficult to "flush" the contaminants
from the aquifer. Large volumes of water are typically withdrawn from a contaminated
aquifer before significant cleanup is achieved. A substantial amount of time and money is
typically expended to meet drinking water standards with a pump-and-treat approach. An
analogy that may help to understand the difficulty of this process can be observed at the
kitchen sink. When a sponge absorbs dishwashing soap and one tries to rinse the sponge free
of the soap, it will generally take many iterations of soaking and squeezing the sponge to
liberate the soap before the discharge appears clear. Even then, the sponge still retains
residual soap within its pore structure. The same is generally true for contaminants in
groundwater; the process does not render the aquifer free of contamination, it just reduces the
level of contamination.
64. Knowlton, supranote 47, at 18.
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alternative is the preferred remedy due to the estimated five-fold economic
cost savings. The Nuclear Regulatory Commission, the regulatory
authority for uranium mill tailings sites, concurred with the natural
attenuation remedy for this site, prescribing monitoring activities, not
costly cleanup controls, as the course of action for the site.'
In addition to site-specific applications, the EPA also uses costbenefit analysis techniques in developing Regulatory Impact Analyses
(RIA) documents." RIAs are used to establish acceptable limits for EPA
policies and rulemaking. An RIA estimates the costs, benefits, and other
factors associated with imposing regulatory limits on various
environmental media. In effect, this new approach to establishing
concentration thresholds balances costs against reduction in risk.
Ultimately, this approach should offer flexibility in the allowable limits
imposed within future environmental regulations.
Bases for Regulatory Flexibility
The four approaches just discussed, Brownfields, natural
attenuation, alternate concentration limits, and cost-benefit analysis,
represent the recent trend in regulatory flexibility. This trend can be
characterized as making cleanup standards less stringent by identifying
how clean is clean enough. While this trend does not permit an increase in
risk to human health, it does permit more contaminants to remain in the
soil and groundwater. This recent trend of regulatory flexibility is based on
three factors.
First, the EPA and state regulators have come to realize that the
technology base is not adequate to address all environmental problems,
giving rise to a need for flexibility in the selection of remedies, cleanup
goals, or applying institutional controls (e.g., limiting access to a
contaminated site). Either these problems have no viable remedies today
due to inherent complexities of the contaminant/soil/water system and are
only partially solved by current technology (e.g., pump-and-treat
methods),' 7 or they are too costly to solve even though the technology base
exists.
Second, flexibility in cleanup standards can, in some cases, help
achieve closure. For example, flexible cleanup standards give rise to

65. See Grand Junction Office, U.S. Envtl Prot. Agency, Ground Water Team Continues Path
Toward Cleanup, 7 GRAND JUNCTION OFF. PERSP. 2 (Summer 2000), at http://www.
doegjpo.com/NEWSINFO/perspective/05-00/05-00.htm.
66. See generally CONG. BUDGET OFFICE, REGULATORY IMPACT ANALYSIS: COSTS AT
SELECTED AGENCIES AND IMPLICATIONS FOR THE LEGISLATIVE PROCESS (1997).
67. See supranote 63.
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potentially reduced costs for cleanup. As a result, the responsible parties
are more likely to engage in remediation rather than in costly litigation.
The third factor affecting relaxation of the cleanup regulations
relates to more flexible, and perhaps more reasonable, assumptions and
standards associated with risk assessment and the establishment of cleanup
goals. As mentioned above, the historical perspective on risk assessment
and remediation was quite conservative. Now, however, there is more
emphasis on alternative land use options where exposure to humans will
be diminished (e.g., industrial or recreational use rather than residential
use). Also, the use of uncertainty analyses in risk assessment can identify
cleanup levels that have the potential of being more attainable for less cost
while still offering protection of human health and the environment.
RISK ASSESSMENT AND UNCERTAINTY ANALYSIS
Risk assessment methods are a key factor in establishing a course
of action for contaminated soil, air, surface water, and groundwater, or for
permitting discharges in these media. The importance of understanding
risk assessment lies, in part, in knowing what information a risk
assessment can and cannot provide to the decision maker, or the
owner/operator or potential purchaser of the property.
The EPA defines risk generally as "the probability of injury,
disease, or death under specific circumstances. " ss In other words, human
health risk is "the likelihood (or probability) that a given chemical exposure
or series of exposures may damage the health of exposed individuals."' In
order to assess the potential for harm to exposed individuals, the EPA
requires that a risk assessment be performed to evaluate two types of
health impacts: the risk of cancer and the risk of toxicity effects (e.g., liver
dysfunction).' The risk assessment includes an evaluation of the potential
adverse impacts, or risk, to human health and the environment from
exposures to all contaminants through all pathways of exposure." 1

68. U.S. ENVTL PROT. AGENCY, PUB. No. EPA/625/4-89/024, RISKASESSMENT,
MANAGEMENT AND COMMUNIcATION OF DRINKING WATER CONTAMINATION 29 (1990).

69. Id.
70.

U.S. ENVTL. PROT. AGENCY, RISK AsSESSMENT GUIDANCE FOR SUPERFUND 1-6 (1989).

71. Id. at 1-4 to 1-8. A risk assessment includes the following activities: collect and
evaluate data, gather and analyze relevant site data, identify potential chemicals of concern,

assess exposure, analyze contaminant releases, identify exposed populations, identify
potential exposure pathways, estimate exposure concentrations for pathways, estimate
contaminant intakes for pathways, assess toxicity, collect qualitative and quantitative toxicity
information, determine appropriate toxicity values, characterize risk, characterize potential
for adverse health effects to occur, estimate cancer risks, estimate non-cancer hazard quotients
(i.e. toxicity effects), evaluate uncertainty, and summarize risk information.
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A risk assessment "involves the analysis of past chemical
exposures, the adverse health effects of which may or may not have
already occurred [and the] prediction of the likely consequences of future
exposures."' Because of the uncertainty in predicting future land use and
potential exposures associated with a property under consideration, the
EPA introduced conservative factors into certain aspects of the risk
assessment in order to "account" for the uncertainty.7 3 For example, the
most conservative land use is generally a residential scenario. Under a
residential scenario, assumptions are made regarding the number of people
present on a property, the amount of time spent on-site, and the exposures
to various contaminated media (e.g., inhalation, ingestion of drinking
water, incidental ingestion of soil by children, absorption in a shower,
inhalation of vapors, dermal contact, etc.) that tend to maximize the
exposure and therefore maximize the risk of adverse health impacts.'
The EPA applies such a conservative approach to many elements
of risk assessment in order to predict the risk associated with the
reasonable maximum exposure. The ninety-fifth percentile risk estimate is
the criterion for decision making. 5 In other words, whether the risk at a site
is acceptable is based on the result of a statistical calculation that says in
effect that there is only a five percent chance that the actual risk is greater
than the calculated risk. In reality, however, this deterministic method for
calculating risk generally leads to an overly conservative estimate of risk,
well above the ninety-fifth percentile, because it does not explicitly account
for uncertainty. Several studies have shown that the deterministic
"reasonable maximum exposure" method can over-estimate risk by a factor
of 10 to 1000 times higher than with an uncertainty analysis. 76
Consequently, the overly conservative risk estimates lead to stricter
cleanup guidelines and increased costs of remediation.
As early as 1989, the EPA recognized the importance of quantifying
uncertainty in the risk assessment process, stating, "[ildeally, one would
like to carry through the risk assessment the uncertainty associated with
each parameter in order to characterize the uncertainty associated with the
72. U.S. ENVTL PROT. AGENCY, supra note 68, at 29.
73.

U.S. ENvTL PROT. AGENCY, supra note 70, at 6-7.

74. Another potential trend in the area of risk assessment is the increased emphasis on
more robust methods to analyze the uptake and disposition of environmental toxicants within
the human body. The models employed for this type of analysis are more sophisticated than
those typically used to evaluate exposures and risk in a human health risk assessment. These
models are commonly referred to as physiologically based pharmacokinetic (PBPK) models.
The PBPK models attempt to quantify metabolic and chemical processes and interactions in
the human body that cause cancer or toxicological effects. The interactions of multiple
contaminants on the human body are of particular interest. See RIAP, supra note 21, at 73, 82.
75.

See U.S. ENVTL PROT. AGENCY, supra note 68, at 5.

76. See RIAP, supra note 21, at 89.
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final risk estimates." n But in 1989, "a highly quantitative statistical
uncertainty analysis is usually not practical... ."' Today, however, with the
advent of faster computers and more sophisticated analysis techniques,
performing quantitative uncertainty analyses of risk is practical. In fact, the
EPA has recently developed guidance on the use of statistical techniques
to quantify uncertainties.79
The EPA's acceptance of quantitative uncertainty analysis has led
to a three-tiered approach to risk assessment. In this tiered approach, there
is a trade-off between the amount of site characterizations' and the amount
of remediation. As the amount of site characterization increases, the
uncertainty in the risk associated with the site decreases, which in turn can
lead to lower remediation costs. The ultimate goal of this tiered approach
is to determine how clean is clean enough.8'
Tier I is the most conservative approach and resembles the
traditional risk assessment approach used prior to the advent of
uncertainty analysis. 2 For example, it incorporates the residential use
assumption under which the EPA allows an excess cancer risk of one in a
million. Under Tier I there are minimal site characterization costs, which
are usually associated with data indicating the nature and extent of
contamination in the soil and groundwater. Conservative assumptions
such as residential use are likely to lead to stricter cleanup levels, however,
and thus to higher remediation costs.'
Tier II requires more site characterization than Tier I and thus
reduces the uncertainty in the risk estimate. The additional site
characterization may include data used to predict the movement of

77.

U.S. ENVTL PROT. AGENCY, supra note 70, at 8-19.

78. Id.
79. RISK ASSESSMENT FORUM, U.S. ENVTL. PROT. AGENCY, PUB. NO. EPA/630/R-97/001,
GUIDING PRINCIPLES FOR MONTE CARLO ANALYSIS 3 (1997).

80. Site characterization refers to the work performed (e.g., soil sampling, water
sampling, aquifer testing, etc.) on a site to gather information about site conditions, such'as
physical and chemical properties and their distributions within soil and groundwater. These
data are used to create an understanding of site and the physical extent of the contaminant
plume and to assess the potential risk associated with the contaminants at the site.
81. Another development for UST compliance that has provided greater flexibility in
characterization and cleanup options is the introduction of the Risk-Based Corrective Action
(RBCA) approach. The EPA and the American Society of Testing Materials (ASTM) have been
working together to help states develop RBCA approaches for UST compliance. RBCA
promotes a tiered approach to environmental compliance. See OFFICE OF SOLID WASTE &
EMERGENCY RESPONSE, U.S. ENVTL PROT. AGENCY, USE OF RISK-BASED DECISION-MAKING IN

UST CORRECTIVE ACTION PROGRAMS, OSWER DIRECTIVE 9610.17, at http://www.epa.gov/
swerustl/directiv/od961017.htm (visited Aug. 20,2001).

82. See id.
83. See id.
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contaminants in the soil and groundwater." Tier II allows for the use of
more site-specific models and assumptions regarding the pathways of
exposure.81 The more site-specific analysis reduces uncertainty regarding
potential risks posed at the site. As a result of the reduced uncertainty,
cleanup levels need not be as strict as in Tier I and thus, while the
characterization costs may be more than in Tier I, the remediation costs
may be less.
Tier III has the highest up-front costs because it requires more site
characterization data and analysis than Tiers I and II. Under Tier III, landuse scenarios other than residential use may be incorporated. For example,
the EPA will consider construction, site worker, and site visitor scenarios
for the risk assessment." In addition, the Tier III approach potentially
includes sophisticated computer modeling to simulate the future migration
of contaminants as opposed to the simple calculations in Tier II, which
provide only a conservative estimate.87 Again, the higher characterization
costs decrease the uncertainty in the risk estimate, which in turn leads to
less strict cleanup levels and lower remediation costs. Although the
cleanup levels are less strict, there is still a 95 percent confidence level that
the risk is within acceptable limits.
Quantifying uncertainties in risk, or in other aspects of
characterization and cleanup, can lead to more defensible risk management
decisions, many of which may save time and money. For example, a risk
assessment evaluates the incremental individual lifetime cancer risk from
exposures to carcinogens. EPA regulators allow an excess cancer risk of one
in a million (statistically, 1 chance in 1,000,000, or 10") under a residential
land use scenario." This criterion was established on the basis of EPA
policy, not on a scientific basis, and is considered a point of departure in
order to be conservatively protective of human health." Any risk above this
level or a land use scenario different from residential use must be
negotiated for acceptability. The maximum excess cancer risk allowable by
law is one in ten thousand (one chance in 10,000, or 104).9' Therefore, the
EPA has two orders of magnitude flexibility in the allowable risk limit. In
addition, the land use assumptions can play a considerable part in the
flexibility offered in a risk assessment. For land use alternatives apart from
residential use (e.g., commercial, industrial, recreational), there is often a
decreased amount of exposure time and/or exposure pathways (e.g.,

84. See id.
85. See id.
86.
87.
88.

U.S. ENVTL PROT. AGENCY, supra note 70, at 6-6.
U.S. ENVTLPROT. AGENCY, supra note 81.
40 C.F.R. § 300.430(e)(2) (2000).

89. Id.
90. Id.
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incidental soil ingestion, air inhalation, drinking water consumption) to be
considered in the risk assessment." The decreased exposure leads to less
risk. Thus, there is room for considerable flexibility in establishing the final
risk limits for a site, given the negotiable risk range (10' to 10') for the two
orders of magnitude and the variable land use exposure assumptions."
The usefulness of uncertainty analysis is not limited to health risk
estimation but extends also to decisions regarding data collection and
cleanup options. For example,93 the lead contamination site in
Albuquerque, New Mexico, discussed above, used an iterative adaptive
sampling approach" in conjunction with uncertainty analysis. 5sAfter each
sampling event, an analysis was performed, uncertainties were estimated,
and subsequent sampling locations were chosen to efficiently reduce
uncertainties. A point is reached where additional samples do little to
refine the definition of the nature and extent of contamination. In this case,
the plume statistics were stable after five rounds of sampling, with a total
of 65 samples collected as opposed to the 350 samples collected with the
conventional EPA baseline approach. In other words, with the use of
uncertainty analysis, the nature and extent of the contaminated area could
be defined with the same level of confidence as the conventional approach

91. U.S. ENVTL PROT. AGENCY, supra note 70, at 6-6 to 6-7.
92. 1 OFFICE OF RESEARCH & DEv., U.S. ENVTL. PROT. AGENCY, PUB. No. EPA/540/R92/003, RISK ASSESSMENT GUIDANCE FOR SUPERFUND (1991).
93. The uncertainty analyses in these examples, as well as the cost estimate examples
discussed earlier in this article, were performed using two recently developed decisionsupport software (DSS) packages SamplingFX and GroundwaterFX. The EPA recently
evaluated these packages under a program designed to help facilitate and hasten the
acceptance of innovative technologies, called the Environmental Technology Verification
(ETV) Program. The ETV Program establishes demonstration projects for the given technology
of interest, evaluates the performance of the technology against known standards, publishes
peer-reviewed reports of the findings, and issues verification certificates. The objectives of the
DSS testing were to evaluate the software capabilities for visualization, optimization of
sampling or monitor well-network design, and cost-benefit analyses. EPA's evaluations of
SamplingFX and GroundwaterFX are available at OFFICE OF RESEARCH & DEV., U.S. ENVTL.
PROT. AGENCY, PUB. NO. EPA/600/R-00/038, ENVIRONMENTAL TECHNOLOGY VERIFICATION
REPORT, ENVIRONMENTAL DECISION SUPPORT SOFTWARE, DECISIONFX, INC., SAMPLINGFX (2000);
OFFICE OF RESEARCH & DEv., U.S. ENVTL. PROT. AGENCY, PUB. NO. EPA/600/R-00/037,
ENVIRONMENTAL TECHNOLOGY VERIFICATION REPORT, ENVIRONMENTAL DECISION SUPPORT
SOFIWARE, DECISIONFX, INC., GROUNDWATERFX (2000).
94. An "iterative adaptive sampling approach" refers to a process in which knowledge
is enhanced and uncertainty/variability is reduced through multiple rounds of sampling and
analysis. An analysis of the site characterization data is performed after each round of
sampling in order to assess the knowledge of site conditions. The need for additional
sampling is assessed based on results of the analysis and the confidence in the results
obtained through the use of uncertainty analysis techniques.
95. Knowlton et al., supra note 39.
96. Id.
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but with only about 20 percent of the samples required by the conventional
approach.
Perhaps more importantly, these uncertainty analyses can provide
useful information concerning the financial risk in regard to cleanup.
Consider again the lead contamination site where the estimated
remediation costs for residential and industrial use were $2.7 million and
$94,000, respectively. Uncertainty analyses show the uncertainty in the
residential and industrial use remediation cost estimates to be $500,000 and
$10,000, respectively.' Thus, before embarking on a $2.7 million
remediation program to make the land suitable for residential use, the
owner or investor should be prepared to pay as much as $3.2 million to
complete the project."
The uncertainty analysis approach similarly applies to sites with
groundwater contamination. Computer modeling predicted that the
uranium contamination in the groundwater at the Riverton, Wyoming, site
would decrease to below standards within 75 years due to natural
attenuation." Uncertainty analysis shows that there is a 5 to 15 percent
probability that groundwater concentrations will exceed that standard
beyond 75 years.1" The analysis also shows virtually no chance of
concentrations exceeding standards longer than 100 years.01 The
information generated by the uncertainty analysis, specifically the
maximum expected concentrations, can be compared with the monitoring
data collected at the site to evaluate future performance of the system. As
long as the future monitoring at the site is below the maximum
concentrations predicted, the site should be on track to meet the natural
attenuation goals. Such an approach can provide early warning of
additional remediation and related expenses that may be required later."
In summary, the incorporation of uncertainty analysis into the risk
assessment process provides a great deal of flexibility in regard to
remediation of contaminated sites. As a result of this flexibility, owners of
contaminated property may be able to greatly reduce data collection and
remediation costs. Furthermore, this reduction in remediation costs does
not come at the expense of human health or the environment, as the
allowable risk remains unchanged. Instead, uncertainty analysis, coupled
with a more realistic assumption of future land use, provides a more
accurate estimate of the actual risk to human health and the environment.

97. Id.
98. Id.
99. Id.
100. See Robert Knowlton et al., Uncertainty and Variability Using MODFLOWand
MT3DM5 in the GANDT Decision Support Tool, in 1 MODFLOW 2001 295-96 (2001).
101. Id. at 296.
102. Id.
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OTHER CONSIDERATIONS
Although a risk assessment may show a low risk to human health
with a high level of confidence, owners and potential purchasers of
contaminated properties have other considerations. The risk assessment
addresses only the risk to human health and the environment, not financial
risk. A contaminated, but safe, property may be a poor financial
investment. Although the possibility of expensive cleanup measures may
be remote, owners and prospective purchasers of contaminated property
should consider the potentially adverse factors such as new studies,
cumulative risk assessments, revised environmental standards, proximity
to Indian tribes, and the presence of endangered species.
A new emphasis within the EPA concerns the combined human
health and ecological effects of multiple contaminants from multiple
sources and multiple pathways of exposure. 0 3 The process of evaluating
these aggregate human health and ecological effects is referred to as
Cumulative Risk Assessment (CRA).'(' Traditionally, the EPA has focused
on the human health and ecological effects of one facility or one discharge
on the surrounding area. The public has become increasingly aware of the
potential that multiple facilities, discharges, and exposures from other
sources (e.g., pesticides on foods) that may impact their health in ways that
the EPA has not considered to date. The EPA is starting to account for these
multiple sources and effects as they issue the permits for new facilities for
the discharge and storage of hazardous waste. The science and methods for
performing CRA analyses are in their infancy but will undoubtedly be a
major thrust for the EPA, especially in urban areas. The EPA has already
issued draft guidance that describes methods of assessing risks posed by
exposure1°5to multiple pesticides that act through a common mechanism of
toxicity.
In addition to developing new methods for cumulative risk
assessments, the EPA is reassessing old risk standards. For example, in a
recent draft reassessment, the EPA has concluded that dioxins are even
more dangerous than agency scientists thought 15 years ago when the last

103. Cheryl Hogue, Body Burdensof Pollutants,CHEMICAL & ENGINEERING NEWS, July 31,

2000, at 28.
104. See Sci. Policy Council, U.S. Envtl Prot Agency, Guidance on Cumulative Risk
Assessment. Part1.PlanningandScoping(1997),availableathttp://www.epa.gov/borwnfields/
html-doc/cumnrisk2.htm.
105. EPA Issues Guidance on Assessing Multiple Pesticide Risk, CHEMICAL &
ENGINEERING NEWS, July 10, 2000, at 30.
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assessment was completed."0 ' Consequently, a new dioxin risk standard
based on the recent draft reassessment would be 30 times lower than the
one based on the 1985 assessment." In addition, the EPA has just
announced a five-year research program to better understand the
environmental and human health effects of mercury."° Results of
cumulative risk assessments and the reassessment of individual chemicals
will be used to refine regulatory standards.'' While such refinements could
make environmental standards tighter or looser, owners and potential
purchasers should be aware that tighter standards would lead to increased
remediation costs. The major public policy debate over the allowable level
of arsenic in drinking water illustrates that revisions to drinking water
standards are not limited to human-made contamination but may also
extend to naturally occurring chemicals 10
The findings from new studies, especially toxicological studies on
previously untested chemicals, also have the potential of increasing
financial risk to owners of contaminated property. Consider an interesting
development that has occurred as a result of environmental regulation,
effectively trading the reduction of risk inone media for potential increased
risk in another. As part of the Clean Air Act Amendments of 1990, the
federal Reformulated Gasoline Program (RFG) was established and
subsequently implemented in 1995.Y1 The RFG Program mandated a
reduction in automobile emissions. Two additives were available for use
to comply with this program: ethanol and methyl tertiary-butyl ether
(MTBE). MTBE was used extensively by oil producers as it was cheaper to
produce than ethanol. It has become apparent, however, that MTBE is now
causing a substantial groundwater and surface water contamination
problem where gasoline has invaded water supplies due to leakage or
spills. MTBE is quite soluble and mobile in water and groundwater and is
considered a potential human carcinogen.11 2MTBE was not routinely tested
in monitoring wells when the majority of the remediation for underground
storage tanks was taking place in the United States. Many sites closed
under UST regulations may require reevaluation because of the potential
106. Jeff Johnson, Regulating Without a Regulation, CHEMICAL & ENGINEERING NEWS, July
17, 2000, at 37.
107. Id. at 37.
108. EPA Announces MultiyearMercuryResearch Program,CHEMICAL&ENGINEERING NEWS,
Jan. 8,2001, at 18.
109. See Hogue, supra note 103, at 28.
110. See Cheryl Hogue, A Sip of Arsenic,CHEMICAL & ENGINEERING NEws, May 21, 2001,

at 51.
111.
112.

42 U.S.C. § 7661 (1994).
U.S. ENVTL PROT. AGENCY, DOC. No. EPA420-R-99-021, ACHIEVING CLEAN AIR AND

CLEAN WATER: THE REPORT OF THE BLUE RIBBON PANEL ON OXYGENATES IN GASOLINE 23,96

(1999).
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impacts of MTBE. The MTBE issue is a major concern throughout the
United States and may lead to substantial characterization and closure
work in the future.
If the results of new studies, cumulative risk assessments, and
reassessments indicate a higher risk than previously thought, and if the
regulatory agencies tighten up environmental standards, this will
undoubtedly lead to toxic tort lawsuits. An analogous example is
Bendectin, an effective remedy for morning sickness, experienced by
pregnant women, that was introduced in 1957."' The first report
suggesting a link between Bendectin and birth defects was published in
1969."1 Other reports of the possible teratogenic"' effects of Bendectin were
published in the 1970s and 1980s."' More than a thousand lawsuits were
filed seeking recovery for birth defects allegedly caused by the mother's
use of Bendectin during pregnancy."" Now, however, the scientific
consensus is that "therapeutic use of Bendectin has no measurable human
teratogenic potential."1 One unintended consequence of the Bendectin
litigation, specifically the Daubert case, is a heightened standard for
determining the reliability and hence the admissibility of testimony by
medical and scientific experts.1 ' While Daubert serves as a much more
effective gatekeeper in preventing junk science, or unsubstantiated science,
from entering the courtroom, it will not preclude suits based on legitimate,
reliable studies. A literature review of recent medical and EPA reports and
studies in progress may provide owners and prospective purchasers of
contaminated property with useful information regarding future financial
risk.
Another factor potentially affecting the financial risk of a
contaminated property is proximity to Indian tribes. In some cases, an
Indian tribe might be able to impose additional remediation and, thus, costs
on sites that are discharging pollutants to a stream, like the Canonsburg,
Pennsylvania, site, even though the discharge poses no risk to human
health or the environment and despite the fact that the discharge is below
the concentration that can accurately be measured."2 Such is the case for
the city of Albuquerque, New Mexico, which is located adjacent to and
upstream of the Isleta Pueblo on the Rio Grande. Albuquerque currently

113. KENNETNR. FOTER&PETERW.HUBERJUDGINGSCIENCE,SCIENFICKNOWLEDGE AND
THE FEDERAL COURTS 2-8 (1997).
114. Id. at 4.
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116. FOSTER & HUBER, supra note 113, at 4-5.
117. Id. at 4.

118. Id. at 271.
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120.

See generally Daubert v. Merrel Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993).
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discharges its treated wastewater into the Rio Grande under a National
Pollution Discharge Elimination Permit (NPDES) issued by the EPA.121 The
EPA later recognized the tribe's ceremonial use, accepted Isleta Pueblo's
proposed water quality standards, which are more stringent than federal
regulations, and began revising Albuquerque's NPDES permit to meet the
Pueblo's standards."2 That the Pueblo's regulations are stringent is
illustrated by the fact that the Pueblo's arsenic standard for the Rio Grande
is three orders of magnitude (1000 times) more stringent than the federal
Safe Drinking Water Act standard and is below the concentration that can
be accurately measured by current laboratory equipment.1" The EPA
would impose this stringent standard on the city of Albuquerque despite
the fact that arsenic occurs naturally in Albuquerque's groundwater at
relatively high levels and is not discharged to the water by industrial
polluters.12 Thus, even if Albuquerque discharged pure water into the Rio
Grande, the arsenic levels in the river at the Isleta Pueblo would remain
relatively high. The ability of an Indian tribe to impose such strict
standards on a municipality comes from the Clean Water Act, which not
only preserves a state's right to impose standards or limits more stringent
than those imposed by the federal government but also authorizes the EPA
to treat Indian tribes as states."z Proximity to Indian tribes is a factor that
ought to be considered for those sites that discharge pollutants by surface
or groundwater into rivers or stream. Of course, interested parties should
also consult current and proposed state regulations that may be more
stringent than federal standards.
Another factor, and perhaps the most difficult to consider with
regard to financial risk, is the presence of endangered species. In passing
the Endangered Species Act, Congress intended endangered species to be
afforded the highest of priorities at whatever the cost. 26 Section 9 of the
Endangered Species Act prohibits anyone from "taking" a member of any
endangered species without a permit." "Taking" as used in Section 9
includes "harm," which is defined by the Code of Federal Regulations to
include "significant habitat modification or degradation where it actually
kills or injures wildlife by significantly impairing essential behavioral
patterns, including breeding, feeding or sheltering." 1" Usually, a risk

121. See City of Albuquerque v. Browner, 865 F. Supp. 733, 741 (D.N.M. 1993), aftd, 97
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128. 16 U.S.C. § 1532 (1994); 50 C.F.R. §17.3 (2001).
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assessment evaluates the risk to the environment including endangered
species."n Some financial risk arises, however, from the possibility of the
identification of new or previously undiscovered endangered species. For
example, a federal court has ordered the state of Texas to prepare a plan for
regulating groundwater pumping, which for decades had gone
unregulated, to protect endangered species discovered at springs where the
groundwater discharges to the surface.'" Thus, a property that discharges
contaminants to a stream, albeit at levels previously deemed not a risk to
the environment, could be required to perform additional remediation
upon discovery of an endangered species in the stream.
CONCLUSIONS
Environmental regulations are evolving into a more flexible
framework in terms of remediation alternatives based in large part on the
incorporation of uncertainty analyses. Although not required, owners and
prospective purchasers should consider performing an uncertainty analysis
during risk assessment. Not only will such an approach provide a more
accurate estimate of risk to human health and environment posed by the
site, but it may also reduce costs of sampling and remediation. Uncertainty
analyses can also indicate the potential of cost overruns by estimating the
likelihood of completion of remediation by the original deadline.
Furthermore, cost-benefit analyses may identify less costly remedial
alternatives that adequately protect human health and the environment,
such as natural attenuation or alternate concentration limits. Owners and
prospective purchasers of contaminated property should remember,
however, that a risk assessment addresses risk to human health and the
environment only, not financial risk associated with ownership of the
property. Some financial risk remains due to the continuing evolution of
the environmental compliance framework coupled with the increasing
number of toxicological studies and risk assessment methods. That
financial risk can be evaluated to some extent by researching recent and
pending studies in toxicology, risk assessment, and remedial technologies.
Interested parties should also research current and pending state legislation
(including legislation by Indian tribes) regarding environmental standards.
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